A labor-intensive public works program (LIPWP) aims to improve the income of rural households. One of the common criticisms of the LIPWP is that it is a disincentive for staple crop production. This study, conducted between February and May 2000, examined the association between participation in an LIPWP and staple crop production in southeastern Botswana. Participant households were those with at least one member on a semipermanent LIPWP. A control group was drawn from households that were eligible to participate in the LIPWP. All participants in the LIPWP were included, while nonparticipant households were randomly selected. A structured questionnaire was administered to 160 control and 153 participant households. The odds of having no staple crop in the control group were 1.8 times (95% CI, 0.98 to 3.54) higher than that of the LIPWP participants (p = .087), while the odds of having no staple crop in a household with a head between 45 and 64 years of age were 2.5 times (95% CI, 1.06 to 5.96) higher than that of a household with a head less than 45 years old (p < .037). Having more than 10 livestock equivalent units reduced the risk of having no harvest by 40% (95% CI, 0.29 to 1.12). The view that participation in the LIPWP results in reduced staple crop production does not seem to be supported by our data.
Introduction
When Botswana attained independence in 1966, agriculture contributed 40% to the gross domestic product (GDP) and about 90% of total employment opportunities [1] . This percentage has since declined to 4% of GDP [2] , due in part to rapid growth of the mining sector and poor crop yield [1] . The poor performance of agriculture is partly attributable to adverse weather conditions and poor soils. In good years (e.g., 1987-88), 60,000 metric tons of grain was produced, out of an annual cereal requirement of 200,000 metric tons [3] . The highest post-independence grain production recorded was 121,700 metric tons in 1976-77. Over the years Botswana has remained a net importer of food grains. The local market is well developed, ensuring adequate food distribution, even to remote places [4] . Despite the adverse conditions, subsistence agriculture is the single most common productive activity for rural households [5] .
A labor-intensive public works program (LIPWP) is one of the strategies employed to address problems of rural income, poverty, nutrition, and unemployment. In semiarid, drought-prone countries, the program is also used to minimize the negative effects of drought [2, 3] . The program is designed to provide basic rural social and physical infrastructure [6] . Payment is made either in cash or in kind, depending on the level of development of the local market [4] .
One of the common criticisms of the LIPWP is that it acts as a disincentive for staple crop production, which may result in a poor nutritional status of members of participant households, especially preschool children [7, 8] . As cash wages increase, nutrition is affected, because women lose control of a vital resource, resulting in increased expenditure on nonfood commodities [9] . In Botswana the daily wage for people working on LIPWP increased from P5.50 (US$2.70) in 1991 to a statutory minimum wage for the private sector of P12.70 (US$2.85) in 1998 [10] . To date there is limited information on the effects of LIPWP on staple crop production.
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This study examined whether there is an association between participation in the LIPWP and staple crop production in Kgatleng District, Botswana. The household is used as a unit of analysis, because the LIPWP targets households. For the purposes of this study, a household is defined as persons comprising a single economic unit plus anyone visiting for at least 15 days during the survey month [11] . The reported data are a component of a larger survey that looked into participation in the LIPWP and its impact on staple crop production, household assets, and income. 
Materials and methods
A survey was carried out between February and May 2000. Specifically, a post-test only with a comparison group was employed [12] . The reference period was the 1998-99 crop season, which had experienced drought. In Botswana farmers produce only one crop a year.
The study compared households participating in a semipermanent LIPWP with those that did not participate in any public works program but that demonstrated a willingness to partake in the LIPWP. Willingness to participate in the LIPWP was determined by identifying a household that had at least one member who took part in a temporary laborbased drought relief program (LBDRP) implemented between July 1999 and June 2000. The ideal study design would require collecting baseline data prior to participation and conducting a post-test after a specified time period. Because the LIPWP had been in existence for 20 years, it was not possible to adopt such a study design. Finding an equivalent comparison group was not easy either. We needed two groups that were comparable, the only difference being participation in the LIPWP. The two study populations were expected to share some similarities. Both the LIPWP and the LBDRP are treated as social welfare programs and are not covered by existing labor laws. They tend to attract mainly women, in part because the tasks performed are strenuous and rather menial.
Description of programs
The LIPWP scheme aims to alleviate income poverty by providing long-term employment to poor rural people. In the short to medium term, it is intended to increase household income and improve the nutritional status of members of participating households.
Part of the reason the program is called labor inten-sive is that 78% of the total expenditure goes to participants. The task, which mainly involves maintenance of dirt roads, is physical and strenuous. Each participant is allocated a kilometer of road to work on each day and is expected to cover 100 m per day to reshape the carriageway or 50 m to patch potholes. The participants normally start as early as 5 a.m. and work until the tasks are completed, usually within eight hours [6] . An LIPWP project is terminated when a dirt access road is upgraded to gravel as maintenance switches to the use of machinery. Hence, we describe it as semipermanent.
To attract low-income households, LIPWP wages are usually set below the statutory minimum rate. When there is a severe crop failure because of belownormal annual rainfall, the country can officially be declared drought stricken. After the 1998-99 crop failure, Botswana was declared drought stricken. To minimize the negative effect of drought, a variety of drought relief assistance programs are introduced, including the LBDRP. The drought relief measures are usually implemented until the next harvest. The daily wage for the LBDRP is set at P8.00, which is lower than the LIPWP rate. Because LBDRP cannot absorb everyone who is willing to participate, jobs are shared among the beneficiaries, each working for at least one month. During the long drought years of the 1980s, people participated for an average of 76 days per year [5] . To avoid competing with agricultural activities, the LBDRP is stopped during the cultivation season. Therefore, the LBDRP is not expected to have any impact on staple food production. During the cropping season of reference (1998-99), the LBDRP was not implemented.
Study area
The study was conducted in Kgatleng District. The area was purposely selected because it had one of the highest levels of LIPWP activities. In addition, Kgatleng District has several features that characterize most rural districts in Botswana. The residents are predominantly subsistence farmers. The area was convenient for a limited budget because of its small size. Further, Kgatleng is close to the city of Gaborone, where this researcher (KG) and the necessary research infrastructure were based.
Villages with at least 10 participants were considered eligible for the study. Altogether seven villages were actively involved in the LIPWP in Kgatleng, but only five villages were covered during the study. One village was excluded because it was used for the pilot test, while another was excluded because the majority of participants in the LIPWP were not residents of Kgatleng.
Determination of sample size
Because data were lacking to estimate the expected changes in key outcome variables resulting from par-K. S. M. Gobotswang et al. ticipation in the LIPWP, we used available information from studies that examined the effect of small-scale agricultural commercialization on agricultural production, income, and food consumption. To observe a change (¹⁄ ³ of the standard deviation) in crop production at a 5% level of significance and a power of 80%, a sample size of 284 households with 142 in each study group was required. To allow for a 10% nonresponse rate and given available resources, we aimed to cover 312 households, with 156 in each study group.
All of the 167 individual LIPWP participants were included in the study. To select a control group, a simple random sample proportional to the size of the study population was employed. To accomplish this, a sampling frame was constructed from the November-December 1999 LBDRP monthly payment forms obtained from Kgatleng District Council Revenue Offices.
Once the individual participants and controls were selected, the enumerators contacted their households to consult with the heads of the households to seek their consent for participation in the study and to administer a household questionnaire.
Data collection and analysis
Data were collected on sociodemographic characteristics of the population groups. Information on cropping activities was obtained (based on recall) during face-to-face interviews. This included information on access to land, the amount of land available, whether it was cultivated during the previous season, the area cultivated, and the staple crop harvested. In addition, information on livestock asset ownership was also collected. Livestock ownership was converted into livestock equivalent units (LSEUs), with 1 cow, 3 donkeys, or 6 goats or sheep equivalent to 1 LSEU [13, 14] . The main staple crops considered in this study were sorghum, millet, maize, and pulses. Each crop produced was measured in 70-kg bags. These were aggregated to arrive at one staple crop measure per household.
We used SPSS (Version 10) for data analysis. In order to apply logistic regression analysis, the amount of household staple crop produced was recoded as a binary variable. Households that received at least one bag (70 kg) of staple crop were recoded as having obtained "some harvest," and the rest fell into a "no harvest" category. The chi-squared test was used to test for associations between variables, and testing between means was done by Student's t-test. The test for significance was at the 5% level. Independent variables that were significantly associated with the dependent variable during the univariate analysis were modeled by using stepwise backward logistic regression modeling techniques. The aim was to determine important explanatory variables for the outcome variable of staple crop produced. The sex, age, marital status, and educational status of the head of the household, the household size, and livestock ownership were included in the original model.
Staple crop production conceptual framework
Two criteria were used in considering variables for inclusion in the model. Independent variables that were found to be important from the univariate analysis were eligible for inclusion; others were included because of the interest generated by the literature and policy. These variables were participation in the LIPWP; age, sex, educational status, and marital status of the head of the household; livestock ownership; place of residence; and size of the household.
Because participation in the LIPWP (STUDYGR) was central to this study, the variable was included in the model in order to assess its effect on staple crop production. During the initial analysis, participation in the LIPWP had no effect on staple crop production.
Livestock assets (expressed as LSEUCAT) are included in the model, because livestock, especially cattle and donkeys, provide draft power that is required to cultivate land for crop production [4] . From the univariate analyses, we found that livestock ownership was associated with crop production. Households participating in the LIPWP tended to have more productive resources than controls [6] .
The sex of the head of the household (SEXHD) is included because it is generally expected that the level of resources necessary for crop production is influenced by sex, and women are less likely than men to own cattle in Botswana [6] . Further, poverty affects female-headed households more than maleheaded households [5] . Correcting gender inequality is currently central to public policy in Botswana [2]. Education (EDUCAT) is associated with better living standards through increased job opportunities, because it empowers individuals to make informed economic decisions.
Like the sex of the head of the household, the marital status (MARITGR) and age (HAGEGR) of the head of the household are generally associated with better resources. A household with a married head is more likely to have a larger asset base [11] . Another variable that is included is place of residence (RESIDENCE). We hypothesized that because members of participant households tended to reside in "other places," whereas members of control households lived in villages, there would be a difference in staple crop production between the different localities. "Other places" include lands and cattle post areas where crop production and livestock rearing take place. Household size (HSIZEGRP) is used as a proxy measure for the labor required to produce a staple crop. This is judged to be important, because control households were significantly larger than participant households. On the other hand, female-headed households were larger than male-headed households [11] . Figure 1 presents a conceptual framework for analyzing the effect of participation in LIPWP on staple crop production.
Based on the hypotheses listed above, the following model specification is presented: STAPLE CROP PRO-DUCED = f(STUDYGR, HAGEGR, SEXHD, EDUCAT, MARITGR, LSEUCAT, RESIDENCE, HSIZEGRP).
Results

Sociodemographic information
A total of 153 households participating in the LIPWP and 160 controls were interviewed. The average age of the head of the household was 54 ± 14.93 years in participating households and 55 ± 15.7 years in nonparticipating households (table 1) . Nonparticipating households were significantly larger than participating households (7 ± 3.37 vs. 5 ± 3.24; p =.000).
Data on sex distribution showed that 48.2% of households were headed by women. Nationally, 47% of households are headed by women, and these constitute a large percentage of people living below the poverty datum line (PDL) in Botswana [15] . Nonparticipating households had a larger proportion of female-headed households than participating households. There was no difference between the two study populations in the marital and educational status of the heads of households. About 55% of heads of households had no education, and 30% were married. There were 332 persons covered in this study, of whom 167 were participants and 163 were nonparticipants, suggesting that there were some households that had more than one participant or nonparticipant (table 2). The mean age of the participants was 45 years, ranging from 21 to 88 years, as compared with 38 years, ranging from 17 to 80 years, for the control group; 75% of the participants and 93.3% of the nonparticipants were women. The age difference between individual participants and controls is related to their main place of residence. In Botswana younger people have a tendency to reside in villages and towns, whereas older people live outside villages in cattle and land areas. Most of the LIPWP project sites are outside villages and tend to attract households from land and cattle post areas. Two persons were excluded from the analysis because their ages were unknown.
More participants than nonparticipants were married (26% vs. 20.2%). The difference is associated with the age distribution of the two study groups, as nonparticipants were younger.
Household assets
Livestock is an important asset in subsistence farming in Botswana, because it provides food and draft power for crop production. In this study, 45.1% of participant households and 61.3% of controls did not own cattle (table 3) . In terms of livestock equivalent units (LSEUs), 61.8% of participant households and 78.1% of nonparticipant households had 10 or fewer LSEUs (p = .001).
Staple crop production
Of 261 households with access to land, 67.8% (177) reported that they plowed their land in the reference plowing season. Only 33.9% (60) of the 177 households obtained some harvest.
Participation in the LIPWP, livestock asset, and age of the head of the household appear to be associated with staple crop production. More participant than control households produced some staple crop (p = .070) (table 4). With respect to age, 51.6% of households whose head was less than 45 years old and 31.2% of households whose head was at least 45 years old reported having some staple crop harvest (p = 0.027). Further, 41.6% of households with more than 10 LSEUs produced some staple crop, as compared with 28.3% of [13, 14] .
Labor-intensive public works program those with 10 or fewer LSEUs (p = .046). Educational status and household size were less important.
Effect of participation, age of the head of the household, and LSEU on crop production
This section presents statistical modeling results on the effect of participation in the LIPWP on staple crop production. In choosing a statistical analytical model, consideration was given to the type of outcome variable and assumptions about the distributions of the explanatory variables. Because the outcome variable was binary, a stepwise logistic regression modeling technique was performed to assess key explanatory variables while controlling for potential confounders [16] . All of the eight variables were sequentially included in the model. The results are presented in table 5. Contrary to our hypothesis, place of residence, household size, marital status, educational status, and sex of the head of the household were not important determinants of staple crop production in the study area.
Step 6 was chosen as the appropriate model because it presented the best goodness of fit (p = .030). Nagelkerke R-Squared (R 2 ) was used to determine the amount of variability explained by the model. Table 6 presents logistic regression modeling results for estimated adjusted effects of participation, LSEU, and age of the head of the household on staple crop production. The final model explains 8.6% of the variability. The odds of having no harvest was 1.8 times higher for controls than for participant households (95% CI, 0.98 to 3.54) after adjustment for the age of the head of the household and LSEUs. The odds of having no harvest were 2.5 times higher for a household whose head was between 45 and 64 years old than for a household whose head was less than 45 years old (95% CI, 1.06 to 5.96). Households whose head was at least 65 years old were 3.1 times more likely to have no harvest than those whose heads were under 45 (95% CI, 1.21 to 8.22), after adjustment for LSEU. Having livestock was found to be important in reducing the risk of having no harvest. Possessing more than 10 LSEUs reduced the likelihood of having no harvest by 40% (95% CI, 0.29 to 1.12).
Discussion
The general view that participation in the LIPWP promotes dependency, resulting in reduced staple production, is not supported by our results. The effect of participation in the LIPWP on staple crop production appears to be neutral. If anything, participation in the LIPWP may have a positive effect on staple crop production. [13, 14] .
Because of a lack of literature on the effect of the LIPWP on staple crops, we draw a lot from the findings of studies on other rural development schemes, especially small-scale agricultural commercialization. Part of the reason is that the LIPWP and small-scale agricultural commercialization schemes share some common features. First, they aim to improve household rural income without affecting staple crop production. Critics of both programs argue that they cause a decline in staple crop production, which could affect food intake and nutritional status [8] . In Gambia, adoption of a new technology increased communal crop production (millet, sorghum, maize, and rice) [17] , although there was an observed shift of control of crops from women to men. In another cross-sectional study carried out in Swaziland, household food availability depended on whether a commercial crop was food or nonfood [18] . The focus on food consumption presents comparison difficulties, since the source of food consumed could be from non-crop-farming activities.
In Nyanza, Kenya, the mean percentage of land under food crops was significantly smaller for commercial sugar farmers than for non-sugar farmers; the former produced more food crop for consumption than the latter group because of increased crop yield per hectare [19] . The study further found that farmers who had diversified their income source were better off in terms of food consumption and overall income. Others have also shown income diversification among farming households to be the key to improved livelihoods [20] . In Botswana the share of rural nonfarm income increased from 54% in 1976 to 77% in 1986 [5] . However, a cross-sectional study on tree cropping among smallholders in Sierra [21] found a significant reallocation of land and labor resources, resulting in declining food availability.
In most of these studies, landlessness and labor appear to be a problem. However, in Botswana, as in most other sub-Saharan African countries, land and rural labor are in abundance [22] . The results of our study show that productive resources and age of the head of the household appear to be important. Ownership of livestock is also an important factor in staple crop production, partly because livestock, especially cattle, are an essential source of draft power. Others have reported that 90% of households with no cattle fail to cultivate any land in Botswana [23] . Cattle ownership has also been associated with better nutritional status of children under five years old [24] . Surprisingly, age increased the risk of obtaining no staple crop harvest. Households headed by older persons were more likely to obtain no harvest than those headed by younger persons. The reason for this is unclear. Households with older heads were expected to own more livestock assets that they could use for crop production.
The suggestion that as wages increase, women participants in the LIPWP are replaced by men is not supported by our data. In India the share of women among employment guarantee scheme (EGS) participants declined as wages increased [9] . This was in part attributed to the adoption of a piece-rate wage system that discouraged women from fully participating. The LIPWP in Botswana uses the same system of operation. However, we observed a significant increase in the proportion of women participating in the LIPWP from 24% in 1986 [25] to 75% in 2000. This is consistent with the findings of the 1994-95 labor survey, which reported that 75.6% of those involved in the LIPWP were women [26] . The rise in women's participation coincided with a shift from road construction to maintenance.
Study limitations
The bags most commonly used by the farmers were the 70-kg bags. Because the type of bags used was not observed, it was possible that some households used different sizes of bags to put their harvest in. In similar situations, others have concluded that any biases in estimating actual measurements would be common to both groups [12] . In addition to measures of crop produced, the total hours worked per participant during the employment period and the distribution of these hours over the crop year would have strengthened our results. Because the survey was conducted during a drought year, some factors, such as household size and sex of the head of the household, that could have influenced the dependent variable might have been diminished.
The difficulty in nonexperimental studies is that causality is difficult to establish, because the subjects are not randomly allocated to the groups. In observing free-living populations, randomization is not always possible. Participants in LIPWPs and LBDRPs are active thinking persons, making choices, functioning on their own, acting, and doing things, as opposed to sample populations in a laboratory setting. Field validation was employed to ensure that the two study populations were as comparable as possible under such circumstances.
Summary and conclusions
There is a growing concern that participation in the LIPWP draws labor away from subsistence staple crop farming, resulting in a decline in staple crop production. Part of the concern arises from the fact that policy makers have a tendency to assume that farm households depend mainly on their own crops for food security [27] . However, our data indicate that despite the high risk posed by adverse weather conditions and poor soils, the majority of participants in the LIPWP con-tinue to grow staple crops for domestic consumption. In semiarid, drought-prone countries like Botswana, subsistence crop production appears to be an undependable source of livelihood. In formulating programs for household food security and reduction of income poverty, policy makers need to take this into account. Since Botswana has a well-developed market, ensuring adequate distribution of food, households ought to be encouraged and supported to earn off-farm income to purchase food.
Self-screening appears to have succeeded in targeting women, since they constitute most of the people living below the poverty datum line. It is important to determine whether the findings can be repeated in a nondrought year. More research is needed on this subject to be definite about observed changes. Further, we need to examine whether the effect of participation in the LIPWP can be translated into measurable nutritional improvement and to understand the possible pathway.
